i n t h e l a b o r a t o r y f o r a s u f f i c i e n t l y long time. Castaing and Nozieres suggested a very elegant method of overcoming t h i s problem which c o n s i s t s i n p o l a r i z i n g s o l i d 3~e ( which has a magnetic s u s c e p t i b i l i t y of the Curie-Weiss type) and q u i c k l y m e l t i t i n a time s h o r t compared t o TI, t h e time f o r t h e magnetization t o r e l a x . The magnetization was observed t o stay i n the l i q u i d phase w i t h a r e l a x a t i o n time o f a few minutes. Using Pomeranchuk cooling, s o l i d p o l a r i z a t i o n s as high
as 78% were recent1 y obtained. Because of a n t i ferromagnetic i n t e r a c t i o n s , l a r g e r sol i d p o l a r i za t i o n s w i l l need higher magnetic f i e l d s . Most of t h e s o l i d magnetizations can be t r a n s f e r r e d t o t h e l i q u i d .
. I n t r o d u c t i o n -A t t h e present s t a t e o f technolo-a t i o n w i l l probably s t i l l demand a l o t o f experi-3 gy i t i s impossible t o acheive l i q u i d He magneti-
mental e f f o r t .
zations me much l a r g e r than 10% o f t h e s a t u r a t i o n A t o t a l l y d i f f e r e n t approach was suggested by magnetization ms ,by brute-force, t h a t i s c o o l i n g B.Castaing and P.Nozi@res 
T). I f sol i d could be melted i n a time s h o r t about t e n times l a r g e r than what can be sustained compared t o TI, t h e r e l a x a t i o n time o f t h e magnea t present w i t h t h e best B i t t e r magnets. t i z a t i o n , then t h e l i q u i d should conserve t h e mag-
One p o s s i b l e way would be p o l a r i z i n g '~e gas n e t i z a t i o n o f t h e s o l id.
by o p t i c a l pumping and then condensing it. Very We would then have good r e s u l t s have r e c e n t l y been obtained i n polaHext "'s = X Hext ' 7 riz.ing t h e gas by M.Leduc and F.Lal6e (21 using a C H m,=xH = -l a s e r o f t h e convenient frequency. Although i n t e -T' ; r e s t i n g p r o p e r t i e s a r e expected from t h e gas phase s L TP i f m = m then H = Hextwhich, f o r T = 4mK and T (3.41 l i q u e f a c t i o n and conservation o f t h e p o l a r i zHext= 7T would g i v e H -300 T a s u b s t a n t i a l increaArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980716 se o f t h e a p p l i e d f i e l d indeed.
Assuming we can produce and measure s t r o n g l y 3 p o l a r i z e d s o l i d He, t h e o n l y d i f f i c u l t y t o observe the Castaing-Nozieres e f f e c t would be re1 ated t o the r e l a x a t i o n time TI, t h i s i s a combination o f i n t r i n s i c d i p o l e r e l a x a t i o n , due t o c o l l i s i o n s 3 between He atoms, and e x t r i n s i c r e l a x a t i o n , a t the w a l l s o f t h e container.
The i n t r i n s i c r e l a x a t i o n t i m e i s d i r e c t l y prop o r t i o n a l t o the s p i n d i f f u s i o n c o e f f i c i e n t ( 5 , s ) .
E x t r i n s i c r e l a x a t i o n time w i l l depend on how f a s t 3 the He q u a s i p a r t i c l e s can d i f f u s e t o t h e wall, where they w i l l r e l a x hence TI I D-l. I n t h e degenerate r e g i o n l i q u i d 3~e has a d i f f u s i o n c o e f f ic i e n t t h a t goes as T-' w i t h a broad minimum o f -5 2 about 3 x 10 cm s-' a t a few hundred m i l l i K e l v i n .
W e would then expected t h a t a t those temperatures
and f o r r e l a t i v e l y l a r g e volumes (a few cubic m i l l i p e t e r s ) i n t r i n s e c r e l a x a t i o n times o f 5 o r 6 minutes should be observed.
3
Decreasing t h e dimensions o f t h e He c e l l would lead t o a predominantly e x t r i n s i c r e l a x a t i o n . 4 Since c o a t i n g the w a l l s w i t h He can reduce t h e w a l l r e l a x a t i o n by more than a f a c t o r 10 [6, 7) t y p i c a l minimum distances between w a l l s o f O.lmm could s t i l l be used w i t h o u t much problem.
2. The Method -To observe the Castaing-Nozieres e f f e c t we used a s p e c i a l l y designed Pomeranchuk c e l l f o r reason which w i l l become c l e a r i n a moment. The experiment would c o n s i s t i n c o o l i n g li-3
quid He i n s i d e t h e c e l l by means o f a d i l u t i o n r e f r i g e r a t o r i n a h i g h magnetic f i e l d . Magnetiz a t i o n would be followed by continuous wave nuc l e a r resonance using a Q-meter.During s o l i d i f ic a t i o n t h e signal would increase due t o t h e format i o n o f magnetization s o l i d . 3~e pressure would then be released t o a value lower than t h e minimum o f t h e m e l t i n g curve. The NMR signal should decrease w i t h a time constant TI which we expect t o be r o u g h l y t h e i n t r i n s i c r e l a x a t i o n time a t t h e temperature a t which t h e l i q u i d would f i n d i t s e l f a f t e r decompression.
I n a f i r s t experiment which was done a t t h e H.C. g r s t e d I n s t i t u t e o f Kopenhagen ( 8 ) cooling. This method r e l i e s on t h e f a c t t h a t l i q u i d entropy, which decreases as T w e l l below TF i s lower than t h e s o l i d entropy (equal t o R En 2 i n t h e non i n t e r a c t i n g s o l i d p i c t u r e ) below about 300 mK, where t h e m e l t i n g curve has a minimum. I s e n t r o p i c s o l i d i - The c e l l described i n r e f s . [ I n p r a c t i c e t h e sol i d temperature was 1 i m i t e d t o % 18 mK implying t h a t some o t h e r thermal r e s i s t a n c e ( o r a l a r g e heat leak) appeard ( 1 4 ) . The t i m e const a n t T = RC goes as T -~ due t o t h e nuclear heat ca- Because o f t h e depression o f t h e m e l t i n g curve w i t h magnetic f i e l d ( To complete t h e 1 i s t o f problems, thermometry under high magnetic f i e l d s i s one o f t h e most d i ff i c u l t ,and special a t t e n t i o n must be payed t o i t i f q u a n t i t a t i v e measurements a r e t o be made.
The Pomeranchuk c e l l s t h a t we used a r e then made i n t e r e l y o f p l a s t i c , and can be made i n very small dimensions so as t o f i t i n s i d e a very low i nductance NMR c o i l . A l l t h e spins can be probed i n t h i s way, and t h e complete c e l l can be placed i n a h i g h l y homogeneous r e g i o n o f the magnet. Since the s t r e s s a t the flanges i s t w i c e t h a t a t t h e center, we must provide a l a r g e r thickness over t h e r e g i o n where t h e e f f e c t o f the flanges extends p o s s i b l y decreasing w i t h increasing x.
I f we do n o t exceed t h e e l a s t i c l i m i t , t h e i ncrease i n volume w i l l be p r o p o r t i o n a l t o the change o f t h e d i f f e r e n t i a l pressure across t h e membra-3 4 ne ( u s u a l l y He pressure i n s i d e and He pressure outside).
The f i n a l pressure P i s about 3,4 MPa.Know-3 f 4 i n g t h a t we can go from zero t o 2.5 MPa on t h e He s i d e and t h a t t h e maximum d i f f e r e n t i a l pressure i s PQi -Pqi , chosen according t o experimental rea-AV sons, we calcu'late f o r t h e c y l i n d e r defined by t h e membrane i n t h e region s i t u a t e d a t distances x = 2 J tR from t h e end flanges.
I f we take f o r example P3i -Pqi rnax = 2.6 MPa 
I f t h e compression i s t o be s t a r t e d a t a low i n i t i a l 3~e pressure, t h i s f a c t i s t o be taken i n t o
account and some l i q u i d volume has t o be excluded (Fig.3) . I f the i n i t i a l l i q u i d temperature i s o f a 3 few m;< t h e i n i t i a l He pressure can be s e t almost equal t o t h e f i n a l pressure.
Experimental Results

The Kopenhagen experiment: observation o f t h e
Castaing-Nozieres e f f e c t -This experiment has a lready been described i n t h e l i t e r a t u r e (8, 24, 25) .
' ! e w i l l comment on some aspects o f i t . Since we wanted a f r e e Helium space nothing was placed i n s i d e t h e c e l l . Thermometry r e l i e d on t h e m e l t i n g curve pressure a t 2.7 T ( 2 7 ) .
The The upper p a r t o f t h e f i g u r e shows schematically t h e pressure t r a c e and t h e moment o f decompression. 
A t p o i n t D the s e n s i t i v i t y o f t h e pressure gauge was
No s i g n i f i c a n t depression was observed, b u t the effect expected would be very small f o r t h e pol a r i z a t i o n s acheived.
3 For a constant He p r e s s u r i z a t i o n r a t e He p r e i sure increases w i t h time, t h e P x t slope being r e l a t e d t o t h e l i q u i d c o m p r e s s i b i l i t y .
When t h e m e l t i n g curve i s reached a t a pressure 
W e can allways argue t h a t t h e s o l i d could be overexpanded and e x i s t even a t P = 0 and e v e n t u a l l y m e l t very s l o w l y and have the same c o m p r e s s i b i l i t y as t h a t o f the l i q u i d . I n t h i s case t h i s new!'solid" would have p r o p e r t i e s j u s t as i n t e r e s t i n g as t h e p o l a r i z e d l i q u i d phase but then we should s p e c i f y again what we mean by s o l i d o r l i q u i d .
The l i q u i d p o l a r i z a t i o n was n o t a c c u r a t e l y mea-sured. It was deduced by taking t h e r a t i o o f t h e signal height j u s t a f t e r decompression, t o the liquid signal a f t e r relaxation, corrected from
If we kept a constant He pressurization t h e signal increased due t o t h e increase i n s o l i d magn e t i z a t i o n per u n i t volume, (since the temperature decreased and due t o the increasing s o l i d f r a c t i o n .
When the pressure approached i t s maximum value, which i s r e l a t e d t o s o l i d ordering and, i n any case, t o a decrease i n s o l i d entropy ( i f n o t a l a r g e heat leak due t o s o l i d crushing) t h e signal would stop growing (Point A).
Increasing t h e compression r a t e (Point 6) ac- 
was stopped t h i s c o l d s o l i d tended t o acquire i t s e q u i l i b r i u m magnetization a t t h a t temper a t u r e and f i e l d . Some o f t h e magnetization was act u a l l y recovered and t h e heat o f magnetization r e -1 eased caused t h e decrease o f pressure.
The decrease i n magnetization a t p o i n t B could be r e l a t e d t o some warming of t h e e x i s t i n g magnetized s o l i d due t o mechanical f r i c t i o n , b u t t h i s poss i b i l i t y seems q u i t e remote since o n l y about 20%
s o l i d was formed u n t i l p o i n t B, and compression could be continued u n t i l nearly 100% sol i d i f i c a t i o n , when a permanent decrease o f t h e NMR signal was observeda.Unfortunately we do n o t have a b e t t e r e x p l g nation a t present. This decrease i n the t o t a l NMR signal was n o t observed i n t h e subsequent experiments done a t Grenoble i n a higher magnetic f i e l d .
The Grenoble Pomeranchuk experiment
a) The c e l l -To obtain some q u a n t i t a t i v e informa- 
40%) b u t we d i d not consider t h i s t o be a serious drawback. I n f a c t we expected t o s o l i d i f y most o f t h e l i q u i d a t almost constant pressure because o f t h e expected very low i n i t i a l l i q u i d temperature.
The c e l l a l s o had a volume gauge obtained by evapor a t i n g two Ag electrodes on t h e p l a s t i c membrane.
These electrodes were o n l y 4mm wide and were placed i n opposite d i r e c t i o n s i n such a way t h a t t h e RF, f i e l d o f the NMR c o i l would be p a r a l l e l t o them. The o t h e r p a i r o f electrodes was evaporated 4 i n s i d e t h e He p l a s t i c container.
Opposite t h e pressure gauge we glued the heat exchanger of s i m i l a r c o n s t r u c t i o n t o t h a t o f t h e previous c e l l , w i t h t h e d i f f e r e n c e t h a t 3 such ex-
changers were placed i n p a r a l l e l and t h a t 0.159 r e p o r t s on t h e i r usefulness below 10 mK, which can be l i m i t e d i f t h e losses and i n t e r n a l thermal r es i s t a n c e a r e large.
I n s i d e the mixing chamber we had another capac i t a n c e thermometer (34)and a P t NMR c o i l tuned t o
The mixing chamber capacitance thermometer was c a l i brated against t h e nuclear resonance o f p l a t inum both C.W. and pulsed. The c e l l glass thermo-
decompression done t o a d j u s t t h e i n t e r n a l pressure o f the c e l l an e l e c t r i c c o n t a c t o f t h e
thermometer broke and we l o s t our f i e l d independent thermometry. Fig.10 shows t h e low temperature p a r t o f t h e c a l i b r a t i o n curves o f both thermometers.
The mixing chamber thermometer had a resolut i o n o f 30 pK a t 2.4 mK when measured w i t h a General Radio 1615 capacitance bridge using 0.5 V a t 3430 Hz. c ) Experimental r e s u l t s -Besides t h e broken t h e rmometer t h e c e l l had another problem. The c o o l i n g down time constant was 10 times l a r g e r than the 3 hours calculated. This was l a t e r found t o be due t o Stycast having leaked and plugged most o f t h e heat exchanger. Since a t 7.2 T t h e m e l t i n g curve was unknown we made p r e l i m i n a r y measurements o f i t (Fig.2) 
.2 T using t h e Clausius Capeyron equation. This curve i s s i m i l a r t o the f r e e s p i n entropy curve shown i n d o t t e d l i n e s , t h e excess
i n entropy which appears below 7 mK being due t o t h e antiferromagnetic n a t u r e o f t h e exchange i n - By assuming t h a t t h e s o l i d was ordered when entropy had f a l l e n t o a value so low t h a t c o o l i n g ended as a conse.quence o f e q u i l i b r i u m between t h e heat absorbed and the heat leaks (during very slow r e v e r s i b l e compressions) t h e magnetic phase d i agram from 1.0 T t o 7.2 T was derived. Entropy meaS~rementS a t 2.75 mK (TA) showed t h a t t h e entropy had f a l l e n q u i t e below t h a t o f a paramagnet w i t h antiferromagnetic i n t e r a c t i o n s i n d i c a t i n g magnetic ordering. The w i d t h of t h e t r a n s i t i o n being r a t h e r l a r g e confirms t h a t t h o t r a n s i t i o n i s o f 2" order.
These r e s u l t s as w e l l as measurements o f the pressure s p l i t t i n g o f t h e A superflui,d t r a n s i t i o n and t h e l i n e a r i t y o f t h e Po x H diagram, where Po i s t h e o r d e r i n g pressure, a r e reported separately (111, (12) . This "backstep" i n pressure was observed by Shubert e t a1 ( 2 7 ) t o appear a f t e r t h e s u p e r f l u i d A1 t r a n s i t i o n . This was f i r s t i n t e r p r e t e d as a t r a n s i t
i o n i n s o l i d b u t i t seems t o us t h a t t h e explanation o f Yu and Anderson and o f D e l r i e u ( s 7 )
agrees b e t t e r w i t h our observations. A f t e r t h e s u p e r f l u i d t r a n s i t i o n , since t h e temperature must become uniform throughout t h e l i q u i d , t h e s o l i d a t t h e t o p o f t h e c e l l should migrate t o t h e bottom where the i n t e r f a c e would be a t a constant pressure(hence temperature).
This would expose t h e wal1,and t h e supercurr e n t s (or simple d i f f u s i o n t o t h e w a l l , which should be q u i t e f a s t ) would then a l l o w f a s t growi n g o f magnetization. This shows the i n t e r e s t of precool i n g t h e c e l l t o t h e s u p e r f l u i d t r a n s i t i o n .
An i n t e r e s t i n g problem concerning p o l a r i z e d li-3 quid He ;s r e l a t e d t o i t s m e l t i n g curve. I n f i n i t e f i e l d s t h e me1 t i n g curve i s depressed (as compared 
